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2003a); when Pgb expression is suppressed, NO accumulates, inducing ROS production (Huang 145 et al., 2014) that triggers PCD ( Van and Dat, 2006) . Altered ZmPgb expression was achieved by 146 the use of maize transgenic lines (Youseff et al, 2016) that constitutively expressed ZmPgb1.1 or 
159
With respect to NO, ROS and PCD in the various sections, the response to hypoxia in the 160 root cap (Section I) displayed no apparent change as a result of varying Pgb expression (Fig. 2) .
161
Although there were some slight visual differences for NO and ROS in micrographs of the more 162 mature, fully differentiated section V, there were no significant differences in the extent of PCD 163 amongst the lines. Most of the effects of Pgb variation on NO, ROS and PCD appeared to be in 164 the root meristem (Section II) and tissue undergoing differentiation (Sections III and IV) .
165
Evidence of increased NO, ROS and significantly increased PCD in the quiescent center, 
183
ROS and PCD (Supplemental Fig. 1C ).
184
To further examine the relationship between Pgb expression and PCD, the expression of 
Spatial and temporal regulation of ethylene biosynthetic and ethylene-responsive genes by

210
ZmPgb under hypoxia 211 Hypoxic responses in roots are mediated by ethylene through production of its precursor ACC 212 and induction of ACC synthase and ACC oxidase (Wang and Arteca, 1992; Zhou et al., 2001 and responsive genes also occurred in more mature hypoxic root segments (2-5, 5-10, and 10-232 20mm) but with some differences (Supplemental Fig. 7, 8 ). Of note, an up-regulation of several 233 ethylene biosynthetic and response genes occurred in hypoxic WT segments (zone 5-10mm).
234
To better understand the function of ethylene biosynthetic and responsive genes at the root 235 tip, RNA in situ hybridization studies were performed along the cross sections (I-V) of the RAM 236 described in Fig. 1B Fig. 9 ).
259
The general pattern of expression of ethylene biosynthetic genes coincided with that of ethylene 260 production by hypoxic root tips, which relative to the WT increased markedly in roots
261
suppressing ZmPgbs and decreased slightly in those where the levels of either ZmPgb was up-262 regulated (Table 1) .
263
Collectively, these results indicate that ZmPGBs contribute to the regulation of ethylene reducing ROS production (Takahashi et al., 2015) , although it does inhibit other flavoprotein-274 containing enzymes (Wind et al., 2010) . 1-MCP competes with ethylene, inhibiting its 275 perception and is thought to be specific in its action (Sisler and Serek, 1997) . (Table 2) . A similar NO mediated regulation was also 295 observed for many ethylene and ROS biosynthetic genes influenced by ZmPgbs. The 296 expression of these genes following applications of SNP, SNAP or cPTIO was measured at 12h 297 (Supplemental Fig. 16-19 ), corresponding to the most pronounced alterations observed in the 298 transgenic roots (Fig. 3,4) . 
DISCUSSION
302
In a natural growth environment, plants exposed to excess water have a limited availability of 303 oxygen necessary to perform many energy-consuming metabolic processes (Dennis et al., 2000) . (Subbaiah et al., 2000) , an observation consistent with the 311 behaviour of maize seedlings exposed to 4% oxygen (Fig. 1A) . root growth (Jiang and Feldman, 2005 show limited PCD, as well as the greatest root growth rate under hypoxic conditions. Execution 324 of the death program might be, at least in part, due to the suppression of the maize homologue
325
BAX inhibitor-1 (Bi-1), an attenuator of the death programs in eukaryotes (Watanabe and Lam, 326 2006). In addition to being induced in cells up-regulating ZmPgbs (Fig. 3B) , the expression of 327 this gene occurred in domains where PCD was limited (Fig. 2) . The effect of ZmPgbs in 
340
The results suggest that the ZmPgb control of cell fate in hypoxic root tips is mediated by NO.
341
The effect of PGB on hypoxic growth likely occurs upstream of ROS and ethylene production,
342
since the alleviation of hypoxia on maize root growth can be achieved by either constitutive 343 expression of Pgbs (Fig. 1A) or inhibiting ethylene perception or ROS production in antisense
344
Pgb lines (Fig. 6 ). In agreement with the NO scavenging properties of ZmPgbs (Dordas et al., 345 2003b) , NO staining appears to increase in meristematic and differentiating cells (sections II-IV)
346
of lines suppressing ZmPgb and decreases in those where the genes are up-regulated (Fig. 2) .
347
Regions staining for NO correspond to those accumulating ROS and TUNEL-positive cells (Fig.   348 2). In maize culture cells, the level of ROS is modulated by ZmPgbs through NO (Huang et al., 349 2014). Hypoxic roots suppressing ZmPgbs, have increased expression of Rbohs (Fig. 3A) . The some of which trigger the death program (TBO) (Yeung, 1990) .
404
For nitric oxide and reactive oxygen species localization, maize roots were sectioned using a 405 compresstome and respectively stained with DAF-2DA (Elhiti et al., 2013) or dihydroethidium 406 (Tsukagoshi et al., 2010) .
407
Nuclear DNA fragmentation was detected with the In Situ Cell Death Detection Kit-
408
Fluorescein (Roche)(as described in Huang et al., 2014 Canton et al., (1999) .
431
Sections were hybridized with sense or antisense probe in 1X Denhardt's, 1 mg ml -1 tRNA,
432
10% dextran sulfate, 50% formamide, and 1X salts (Regan et al., 1999) . Hybridization was 433 conducted at 50 o C for 16 h. Post-hybridization washes and antibody treatments were performed 434 as described by Regan et al., (1999) . Detection of DIG-labeled probes was carried out using a
435
Western Blue stabilized substrate for Alkaline Phosphatase (Promega, Madison, WI). exactly as previously described Yamauchi et al., 2011) .
445
Monitoring of Transcript abundance
446
RNA extraction was carried out using TRI Reagent Solution according to the manufacturer's 447 protocol (Invitrogen). The total RNA was treated with DNase I recombinant, RNase-free (Roche)
448
and the High-Capacity cDNA Reverse Transcription Kit (Applied Biosystems) was used for 449 cDNA synthesis. Quantitative RT-PCR was performed as described in Elhiti et al. (2010 were compared by Tukey test (α = 0.05) to differentiate the significance of differences.
467
Structural and localization studies were performed on at least 15 roots while growth elongation 468 assays, ethylene measurements, and gene expression and pharmacological studies were 469 performed using at least 3 biological replicates each consisting of a minimum of 20 roots. Figure S16 Relative expression of ACC synthase root tips exposed to 4% oxygen for 12 h.
544
Figure S17 Relative expression of ACC oxidase in root tips exposed to 4% oxygen for 12 h.
545
Figure S18 Relative expression of Erf2 and Ebf1 in root tips exposed to 4% oxygen for 12 h.
546
Figure S19 Relative expression of Rbohs in root tips exposed to 4% oxygen for 12 h. 
